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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a biological-information obtaining apparatus, particularly to a biological-infor-
mation obtaining apparatus capable of obtaining information on oxygen saturation and a processing method thereof.

2. Description of the Related Art

[0002] The oxygen saturation represents the proportion of hemoglobin (Hb) that is oxyhemoglobin of blood. The
hemoglobin of blood transports oxygen. The oxygen saturation is used as an index regarding a health condition of a
living body, especially regarding a respiratory condition of the living body. As a medical device for determining oxygen
saturation, for example, a pulse oximeter is known. A pulse oximeter is a device that noninvasively determines the
oxyhemoglobin content of blood on the basis of the absorbance in a case in which a surface of a living body (for example,
a finger tip) is irradiated with light of a certain wavelength and light of another wavelength.

[0003] For example, a pulse oximeter is known that obtains data on the absorbance of red light (a wavelength of 660
nm) and data on the absorbance of infrared light (a wavelength of 940 nm) by switching between light emission from a
light-emitting diode that emits the red light and light emission from a diode that emits the infrared light, and calculates
the oxygen saturation (see Japanese Unexamined Patent Application Publication No. 6-98881, Fig. 1).

[0004] US 2003/069485 A1 discloses an optical image measuring device for obtaining images by irradiating light onto
an organism and detecting the light emitted from the organism. Therefore, two-dimensional detectors are used, which
measure images of a plurality of wavelength over time. Biological information is acquired by calculating the obtained
images.

[0005] WO 2006/100685 A2 presents an optical sensor device and an image processing unit for measuring chemical
concentrations, chemical saturations and biophysical parameters. An optical sensor includes an array of photodetectors,
each configured to detect a certain spectrum of light. The thereby received image data are used to obtain physiological
parameters, like pulse rate, skin property, cardiovascular properties or temperature fluctuations.

[0006] US 2006/0064001 A1 describes a method of measuring pulsatile behavior of a vasculature system, vascular
dynamics and propagating expansion-extraction waves. The method includes capturing a time-series of optical images
and analyzing the images to produce vector field maps based on local displacement of hemoglobin contrast. Further,
metrics of oscillatory behavior can be determined by obtaining and analyzing a time-dependent tensor field image.

SUMMARY OF THE INVENTION

[0007] In the above-described example of the related art, the oxygen saturation is noninvasively determined by ob-
taining data on the absorbance of the light with which the living body has been irradiated. However, in the above-described
example of the related art, it is assumed that light sources of two different wavelengths are used. Therefore, a light-
emitting driving device that causes the light sources to alternately emit light is necessary.

It is desirable to be able to calculate the oxygen saturation on the basis of one light source.

[0008] According to an embodiment of the present invention, there is provided a biological-information obtaining
apparatus including light-emitting means for emitting light, image-capturing means for capturingimages, in time sequence,
obtained by irradiating a living body with the light emitted and by causing the light to be transmitted through or reflected
by the living body, the image-capturing means being sensitive to at least two color components, extreme generation
means for generating a maximum value and a minimum value, in time sequence of each of the color components for
certain regions of the captured images, and oxygen-saturation calculation means for calculating oxygen saturation on
the basis of the maximum value and the minimum value of each of the color components. This allows, for each of the
at least two color components, generation of extremes and calculation of oxygen saturation on the basis of the extremes.
[0009] The light-emitting means may emit white light. The color components may include red and blue. According to
an embodiment of the present invention, an example in which the combination of the red and blue components is used
will be described; however, different colors may be used.

[0010] The extreme generation means may generate, for each of the color components, the maximum value and the
minimum value in the time sequence from averages of the color component for the entirety of the captured images, or
from averages of the color component for central regions of the captured images. If an image of a finger does not appear
in peripheral areas of the captured images, the latter case may effectively be able to generate the maximum value and
the minimum value.

[0011] Preferably, the oxygen-saturation calculation means calculates the oxygen saturation by solving an equation
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of {(Rc - Bc) - (Re - Be)} / {Bc - Be} = [(Re - Be) x {S x Eo(A1) + (1 - S) x Er(A1)}] / [Be x {S x Eo(A2) + (1 - S) x Er(A2)}],
where Rc represents the maximum value of the red component, Bc represents the maximum value of the blue component,
Re represents the minimum value of the red component, Be represents the minimum value of the blue component, S
represents oxygen saturation, Eo(A) represents a known absorbance coefficient of oxyhemoglobin at a wavelength A,
Er(A) represents a known absorbance coefficient of deoxyhemoglobin at a wavelength A, and A1 and A2 represent
specific values of wavelength A. This allows, for each of the red and blue components, generation of the extremes and
calculation of the oxygen saturation on the basis of the extremes.

[0012] According to another embodiment of the present invention, there is provided a method of obtaining biological
information, the method being performed by a biological-information obtaining apparatus including light-emitting means
for emitting white light, and image-capturing means for capturing images, in time sequence, obtained by irradiating a
living body with the light emitted and by causing the light to be transmitted through or reflected by the living body, the
image-capturing means being sensitive to at least red and blue color components. The method includes the steps of
generating a maximum value and a minimum value, in time sequence, of each of the color components for certain regions
of the captured images, and calculating oxygen saturation by solving the above-described equation. This allows, for
each of the red and blue components, generation of the extremes and calculation of the oxygen saturation on the basis
of the extremes.

[0013] According to the embodiments of the present invention, the oxygen saturation may be calculated on the basis
of one light source.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a diagram showing an exemplary side view of a biological-information obtaining apparatus according to an
embodiment of the present invention;

Fig. 2 is a functional block diagram showing an image-processing unit according to the embodiment of the present
invention;

Fig. 3 is a diagram showing a data flow of calculating the oxygen saturation according to the embodiment of the
present invention; and

Fig. 4 is a flowchart showing an exemplary process of a biological information obtaining method according to the
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Embodiments of the present invention will be described in detail with reference to the attached drawings.
[0016] Fig. 1is a diagram showing an exemplary side view of a biological-information obtaining apparatus according
to an embodiment of the present invention. In this biological-information obtaining apparatus, an irradiation unit 120 and
an image-capturing unit 130 are provided on a base 110.

[0017] The irradiation unit 120 includes a support portion 121, a light-emitting portion 122, and an insertion opening
123. The support portion 121 has one end thereof connected to the base 110 in order to support the entirety of the
irradiation unit 120. The light-emitting portion 122 emits light with which a part of a living body is irradiated. According
to the embodiment of the present invention, it is desirable that the color of the light be white. Thus, for example, an
incandescent lamp, a halogen lamp, or a white light-emitting diode may be used as a light source of the light-emitting
portion 122. The insertion opening 123 is a leading opening through which, for example, a finger 99 is inserted as a part
of the living body.

[0018] For the light-emitting portion 122, the number of, for example, incandescent lamps or the rated power may be
appropriately selected. Solar rays may be used as a light source instead of, for example, incandescent lamps when the
entirety of the biological-information obtaining apparatus is exposed to the sun and the finger 99 is placed therebetween.
[0019] The image-capturing unit 130 includes a support portion 131 and a camera body 132. The support portion 131
has one end thereof connected to the base 110 and supports the camera body 132. The camera body 132 is used to
capture an image of a subject, and may be a general digital still camera or digital video camera or a dedicated camera.
Itis desirable that the camera body 132 have a continuous shooting mode for shooting a plurality of images in sequence.
[0020] A lens unit 133 is provided at a front end of the camera body 132, and is fixed and held by the support portion
131 such that the shooting axis of the lens unit 133 becomes orthogonal to the light-emitting portion 122. The camera
body 132 converts the light collected by the lens unit 133 into an electric signal by using an image pickup device. Such
an image pickup device may be a one-dimensional line sensor or two-dimensional image sensor that is sensitive to at
least two color components, and can be realized by using a charge-coupled device (CCD) sensor or a complementary
metal oxide semiconductor (CMOS) sensor. As the image pickup device, one of image pickup devices sensitive to three
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colors of red (R), green (G), and blue (B) may often be used. In this case, such an image pickup device is usually sensitive
to wavelengths from about 800 nm through about 1000 nm. That is, near infrared rays are also receivable.

[0021] Images captured by the camera body 132 are sequentially transferred to an image-processing unit 140. The
image-processing unit 140 may be achieved using dedicated hardware or using a general personal computer.

[0022] Fig. 2 is a functional block diagram showing the image-processing unit 140 according to the embodiment of
the present invention. The image-processing unit 140 receives images supplied from the image-capturing unit 130, the
images being obtained by irradiating the part of the living body with light emitted by the irradiation unit 120 and by causing
the light to be transmitted through the part of the living body. The image-processing unit 140 includes a captured image
storing portion 141, an R average calculation portion 142, a B average calculation portion 143, an R-extreme-value
selection portion 144, a B-extreme-value selection portion 145, a parameter storing portion 146, a oxygen-saturation
calculation portion 147, and a display 148.

[0023] The captured image storing portion 141 stores the images supplied from the image-capturing unit 130. The
images are captured in time sequence. Here, it is assumed that the number of images is one hundred, corresponding
to the number of images captured in five seconds at shooting intervals of twenty images per second. The shooting
intervals should be sufficiently shorter than a pulse (wave) cycle. In general, the pulse cycle is approximately 0.5 to 1
second, and thus if the shooting intervals are shorter than 0.1 seconds (that is more than ten images per second), the
shooting intervals are sufficiently short. Moreover, it is basically necessary that the overall shooting time period be almost
the same as the pulse (wave) cycle; however, in order to perform stable determination, it is desirable that a period of
approximately a few seconds be maintained for the overall shooting time period.

[0024] The R average calculation portion 142 calculates averages of pixels of the red component for hundred images
stored in the captured image storing portion 141. Each of the averages is calculated with respect to a corresponding
one of the images stored in the captured image storing portion 141. If time is represented by t (t is an integer, and 1<t
< 100), the averages of the pixels of the red component are expressed by R(t) in time sequence. Here, an average in
this case may be the average of the entirety of the captured image; however, if an image of the finger 99 does not appear
in the peripheral area of the captured image, an average of a central region (100 x 100 pixels around a midpoint) of the
captured image may be calculated. In addition, a representative point such as the midpoint in the captured image may
be used instead of the calculation of the average in order to omit the average calculation process.

[0025] The B average calculation portion 143 calculates averages of pixels of the blue component for the hundred
images stored in the captured image storing portion 141. Each of the averages is calculated with respect to a corre-
sponding one of the images stored in the captured image storing portion 141. Similarly to the case of the red component,
if time is represented by t, the averages of the pixels of the blue component are expressed by B(t) in time sequence.
Here, the averages are calculated similarly to the case of the red component.

[0026] The R-extreme-value selection portion 144 selects a maximum average and a minimum average in time se-
quence among the averages R(t) of the pixels of the red component. Here, among the averages R(t), the maximum
average is represented by Rc, and the minimum average is represented by Re. Such a maximum or minimum value is
called an "extreme".

[0027] The B-extreme-value selection portion 145 selects a maximum average and a minimum average in time se-
quence among the averages B(t) of the pixels of the blue component. Here, among the averages R(t), the maximum
average is represented by Bc, and the minimum average is represented by Be.

[0028] The parameter storing portion 146 stores known parameters necessary for the calculation of oxygen saturation.
Such parameters will be described in detail below.

[0029] The oxygen-saturation calculation portion 147 calculates oxygen saturation on the basis of the extremes Rc
and Re selected by the R-extreme-value selection portion 144, the extremes Bc and Be selected by the B-extreme-
value selection portion 145, and parameters stored in the parameter storing portion 146. A method of calculating the
oxygen saturation performed by the oxygen-saturation calculation portion 147 will be described later.

[0030] The display 148 displays the oxygen saturation calculated by the oxygen-saturation calculation portion 147.
The display 148 may be achieved using, for example, a liquid crystal display (LCD) panel.

[0031] Fig. 3 is a diagram showing a data flow of calculating the oxygen saturation according to the embodiment of
the present invention. The images captured by the image-capturing unit 130 in time sequence are stored in the captured
image storing portion 141. The pixels of the image pickup device are, for example, regularly arranged in a Bayer pattern,
and color components can be extracted from the captured images. In this example, the red and blue components are
extracted.

[0032] With respect to the color components extracted in this way, the R average calculation portion 142 and the B
average calculation portion 143 calculate the averages R(t) and B(t) of each of the images captured in time sequence.
With respect to the averages R(t) and B(t), the R-extreme-value selection portion 144 and the B-extreme-value selection
portion 145 select the extremes (Rc, Re, Bc, and Be) in time sequence.

[0033] The extremes selected in this way will be used to calculate the oxygen saturation as shown below. Here,
incident light is represented by I(A), transmitted light at the time when arteries are in a shrunk state is represented by Ic
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(A), transmitted light at the time when arteries are in an expanded state is represented by le(A), an absorbance coefficient
of oxyhemoglobin is represented by Eo()), and an absorbance coefficient of deoxyhemoglobin is represented by Er(}).
These variables depend on a wavelength A. If the incident light I(A) is an incandescent lamp, the proportion of the incident
light I(L) at each of wavelengths A can be derived from an expression based on Planck’s radiation law regarding blackbody
radiation, and is known. Moreover, if the incident light I(A) is sunlight, known experimental data can be utilized for the
proportion of the incident light I(A) at each of wavelengths A. Here, known experimental data can be utilized for the
absorbance coefficient of oxyhemoglobin Eo(A) and the absorbance coefficient of deoxyhemoglobin Er(1).

[0034] In addition, if hemoglobin concentration is represented by H, an artery thickness at the time when arteries are
in a shrunk state is represented by D, an artery thickness at the time when arteries are in an expanded state is represented
by (D + d), and the oxygen saturation is represented by S, Eq. (1) and Eq. (2) given below are satisfied (Beer-Lambert
model).

Log (I(A) / Ic(MA))

= {S x Eo(A) + (1 - S) x Et(A)} x H x D _ (1)

Log (I(A) / Ie(A))

= {S x Eo(A) + (1 - S) x Er(A)} x H x (D + &) (2)

[0035] If spectral sensitivity of the pixels R (spectral characteristics of the R component) is represented by Tr(A), and
spectral sensitivity of the pixels B (spectral characteristics of the B component) is represented by Tb(A), the above-
described extremes (Rc, Re, Bc, and Be) are expressed by Eq. (3) through Eq. (6) given below. Here, "/~ dA" means
integration with respect to wavelength, and the range of integration includes wavelengths of light received by a certain
camera. For example, the range is from 350 nm to 1000 nm.

Rc = | Tr(A) x Ic(A) dA (3)
Re = | Tr(A) x Ie(A) di (4)
Bc = | Tb(A) x Ic(A) di (5)
Be = | Tb(A) x Ie(A) di (6)

[0036] By solving Eq. (1) through Eq. (6), the oxygen saturation S can be obtained. In this case, approximation shown
below can be performed. Modifying of Eq. (1) through Eq. (6) leads to Eq. (7) given below. The range of integration in
this case also falls within the wavelengths of light receivable by the camera. For example, the range of integration is
from 350 nm to 1000 nm.

{(Rc - Bc) - (Re - Be)} / {Bc - Be}
= | {Tr(A) - Tb(A)} x Ie(A)
x {S x Eof{A) + (1 - S) x Er(A)} di
/] To(h) x Ie(d)

x {S x Eo(A) + (1 - S) x Er(A)} dr (7)
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[0037] Here, since § is significantly small in this expression modification process, approximation can be performed
according to Eq. (8) given below.

exp {S x Eo(A) + (1 - S) x Er(A)} x H x 8

=1 + {S x Eo(A) + (1L - S} x Er(A)} x H x & (8).

[0038] The transmitted light le(A) represents the wavelength A component of light incident on the camera. Since the
value of this component decreases exponentially with respect to the absorbance coefficient of oxyhemoglobin Eo(A)
and the absorbance coefficient of deoxyhemoglobin Er(1), and the absorbance coefficient of oxyhemoglobin Eo(A) and
the absorbance coefficient of deoxyhemoglobin Er(A) become large in a case in which the wavelength A is 600 nm or
less, the two ranges of integration on the right side of Eq. (7) may be limited to the range from 600 nm to 1000 nm. On
the basis of the similar reasons, the range of integration on the right side of Egs. (3) through (6) may also be limited to
the range from 600 nm to 1000 nm. Moreover, in the case of 800 nm or more, the spectral characteristics of the R
component and the spectral characteristics of the B component become almost the same, and thus Tr(A) Tb(A) = 0.
Therefore, for a fraction on the right side of Eq. (7), the range of integration from 600 nm to 1000 nm is substantially the
same as the range of integration from 600 nm to 800 nm. If the absorbance coefficient of oxyhemoglobin Eo(A) and the
absorbance coefficient of deoxyhemoglobin Er()) in the range from 600 nm to 800 nm are approximated by Eo(700 nm)
and Er(700 nm), respectively, the fraction on the right side of Eq. (7) can be approximated by Eq. (9) given below. Here,
the range of integration in Eq. (9) is from 600 nm to 1000 nm.

[ {Tr() - Th(M)} x Te (M)

x {S x Eo(A) + (1 - S) x Er(A)} da

(J {Trid) - Tb(M)} x Ie(A) dA}

X {S x Eo(700 nm) + (1 - S) x Er(700 nm)}

 Tr(h) x Te(r) dh - | Tb(A) x Ie(A) dr}

Xx {S x Eo(700 nm) + (1 - S) x Er(700 nm)}

il

(Re - Be)

x {S x Eo(700 nm) + (1 - S) x Er(700 nm)} (9)

[0039] The spectral characteristic of the B component is approximately zero in the range from 600 nm to 800 nm, and
thus Th(A) = 0. Therefore, although the denominator on the right side of Eq. (7) indicates that the range of the integration
is from 600 nm to 1000 nm, the range of the integration is substantially from 800 nm to 1000 nm. If the absorbance
coefficient of oxyhemoglobin Eo(A) and absorbance coefficient of deoxyhemoglobin Er(A) in the range from 800 nm to
1000 nm are approximated by Eo(900 nm) and Er(900 nm), respectively, the denominator on the right side of Eq. (7)
can be approximated by Eq. (10) given below. Here, the range of the integration in Eq. (10) is from 600 nm to 1000 nm.
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| Th(X) x Ie(A) x {S x Eo(A) + (1 - S) x Er(A)} dAr

f Tb(A) x Ie(r) dA}
x {S x Eo(200 nm) + (1 - S) x Er(900 nmj}
= Be

x {S x Eo(900 nm) + (1 - S) x Er(900 nm)} (10)

[0040] Therefore, Eq. (11) given below can be obtained.

{(Rc - Bc) - (Re - Be)} / {Bc - Be}

=[(Re - Be)
x {S x Eo(700 nm) + (1 - S) x Er(700 nm)}}] /
[Be

x {8 x Eo(900 nm) + (1 - S) x Exr(900 nm)}] (11)

[0041] Here, Eo(700 nm) = 290, Er(700 nm) = 1794.28, Eo(900 nm) = 1198, and Er(900 nm) = 761.84 are known,
where all units are cm-1/ (mol/l). These values are prestored in the parameter storing portion 146 as parameters. The
extremes (Rc, Re, Bc, and Be) are selected by the R-extreme-value selection portion 144 and the B-extreme-value
selection portion 145 on the basis of the determined values. Since the only unknown parameter is the oxygen saturation
S in Eqg. (11), information on the oxygen saturation S can be obtained by solving Eq. (11).

[0042] Here, the oxygen saturation S calculated according to Beer-Lambert model utilized in the embodiment of the
present invention is known for the existence of an error between the calculated value and the actual value, the error
occurring under certain conditions. A pulse oximeter of the related art may perform calibration by utilizing this charac-
teristic. In a similar way, the oxygen saturation S can be corrected on the basis of this characteristic in the embodiment
of the present invention.

[0043] Next, an operation of the biological-information obtaining apparatus according to the embodiment of the present
invention will be described with reference to the attached drawings.

[0044] Fig. 4 is a flowchart showing an exemplary process of a biological information (oxygen saturation) obtaining
method according to the embodiment of the present invention. In step S911, images captured by the image-capturing
unit 130 at times t in time sequence are stored in the captured image storing portion 141.

[0045] In step S921, for each of the images captured at times t, the R average calculation portion 142 calculates the
average R(t) of the pixels of the red component. In step S922, for each of the images captured at times t, the B average
calculation portion 143 calculates the average B(t) of the pixels of the blue component.

[0046] The R-extreme-value selection portion 144 selects extremes among averages R(t) calculated in step S921.
The B-extreme-value selection portion 145 selects extremes among averages B(t) calculated in step S922. That is, in
step S931, the maximum average among the averages R(t) of the pixels of the red component is selected as Rc, and
in step S932, the minimum average among the averages R (t) of the pixels of the red component is selected as Re. In
step S933, the maximum average among the averages B(t) of the pixels of the blue component is selected as Bc, and
in step S934, the minimum average among the averages B(t) of the pixels of the blue component is selected as Be.
[0047] The oxygen-saturation calculation portion 147 calculates the oxygen saturation S on the basis of the extremes
(Re, Re, Bc, and Be) selected in steps S931 through S934. Eq. (11) can be used to calculate the oxygen saturation S.
In step S942, the calculated oxygen saturation S is displayed on the display 148.

[0048] In this way, according to the embodiment of the present invention, with respect to the pixels of two colors
included in the images captured in time sequence, the R-extreme-value selection portion 144 and the B-extreme-value
selection portion 145 select the extremes in time sequence. The oxygen-saturation calculation portion 147 can calculate
the oxygen saturation S according to Eq. (11) on the basis of these extremes.

[0049] According to the embodiment of the present invention, the example in which the combination of R and B among
three colors of R, G, and B is used. However, instead of this combination, the combination of R and G or the combination
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of B and G may also be used to calculate the oxygen saturation S.

[0050] The biological-information obtaining apparatus according to the embodiment of the present invention can be
used as a vein authentication apparatus. That is, the use of such a vein authentication apparatus can achieve both
identifying of an individual on the basis of vein authentication and obtaining of biological information (information regarding
health) regarding the individual. For example, oxygen saturation of a plurality of patients may be successively determined
by using a single pulse oximeter for a short period of time in large hospitals. In this case, which determined oxygen
saturation belonging to which patientis manually recorded in a medical certificate. Thus, the determined oxygen saturation
may be linked to a wrong patient. However, if the biological-information obtaining apparatus according to the embodiment
of the present invention is used, when oxygen saturation is determined, which determined oxygen saturation belonging
to which patient can be simultaneously specified by vein authentication. That s, a single apparatus can output "identified
patient data" and "oxygen-saturation data for the identified patient" as a pair of pieces of electronic data. The patient’s
electronic medical record is made using this pair of pieces of the electronic data, and thus human error can be largely
reduced.

[0051] As the embodiment of the present invention, an example of an achieved apparatus of transmissive type has
been described above. Similarly to the case in which there are pulse oximeters of transmissive type and of reflective
type, the apparatus according to the embodiment of the present invention is not limited to being an apparatus of trans-
missive type and may be an apparatus of reflective type. That is, a structure (of reflective type) in which a light-emitting
unit and a light-receiving unit are disposed on the same side of a finger may be employed instead of the structure (of
transmissive type) in which a light-emitting unit and a light-receiving unit are disposed on opposite sides of the finger.
[0052] The embodiment of the present invention is illustrated as an example of a way to realize the present invention.
Although there is a correspondence between the embodiment and the features of the claims, which will be described
below, the present invention is not limited thereto, and various modifications can be made without departing from the
spirit and scope of the present invention.

[0053] Thatis, according to an embodiment of the present invention, light-emitting means corresponds to, for example,
the light-emitting portion 122. Image-capturing means corresponds to, for example, the image-capturing unit 130. Extreme
generation means corresponds to, for example, the R average calculation portion 142, the B average calculation portion
143, the R-extreme-value selection portion 144, and the B-extreme-value selection portion 145. Oxygen-saturation
calculation means corresponds to, for example, the oxygen-saturation calculation portion 147.

[0054] According to another embodiment of the present invention, light-emitting means corresponds to, for example,
the light-emitting portion 122. Image-capturing means corresponds to, for example, the image-capturing unit 130. An
extreme generation process corresponds to, for example, steps S931 through S934. An oxygen-saturation calculation
process corresponds to, for example, step S941.

[0055] The processes described in the embodiment of the present invention may be considered as a method having
the series of processes or may be considered as a program for allowing a computer to execute the series of processes
or as a recording medium having the program recorded thereon.

[0056] It should be understood by those skilled in the art that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

Claims
1. A biological-information obtaining apparatus comprising:

light-emitting means (122) for emitting light; and

image-capturing means (130) for capturing images, in time sequence, obtained by irradiating a living body with
the light emitted and by causing the light to be transmitted through or reflected by the living body, the image-
capturing means (130) being sensitive to at least two color components; and

characterized by

extreme generation means (144, 145) for generating a maximum value and a minimum value, in time sequence,
of each of the color components for certain regions of the captured images; and

oxygen-saturation calculation means (147) for calculating oxygen saturation (S) on the basis of the maximum
value and the minimum value of each of the color components.

2. The biological-information obtaining apparatus according to Claim 1, wherein the light-emitting means (122) is
adapted to emit white light.

3. The biological-information obtaining apparatus according to Claim 1 or 2, wherein the color components include red



10

15

20

25

30

35

40

45

50

55

EP 2 000 082 B1
and blue.

The biological-information obtaining apparatus according to Claim 1, 2 or 3, wherein the extreme generation means
(144, 145) are adapted to generate the maximum value and the minimum value for the entirety of the capturedimages.

The biological-information obtaining apparatus according to Claim 1, 2 or 3, wherein the extreme generation means
(144, 145) are adapted to generate the maximum value and the minimum value for central regions of the captured
images.

A biological-information obtaining apparatus according to Claim 1, wherein

the oxygen-saturation calculation means (147) is adapted to calculate the oxygen saturation (S) by solving an
equation of {(Rc - Bc) - (Re - Be)} / {Bc - Be} = [(Re - Be) X {S X Eo(A1) + (1-S) X Er(A1)}]/[Be X {S X Eo(A2) +
(1 -S) X Er(A2)}], where Rc represents the maximum value of the red component, Bc represents the maximum
value of the blue component, Re represents the minimum value of the red component, Be represents the minimum
value of the blue component, S represents oxygen saturation, Eo(A) represents a known absorbance coefficient of
oxyhemoglobin at a wavelength A, Er(A) represents a known absorbance coefficient of deoxyhemoglobin at a wave-
length A, and A1 and A2 represent specific values of wavelength A.

A method of obtaining biological information, the method being performed by a biological-information obtaining
apparatus including light-emitting means (122) for emitting white light, and image-capturing means (130) for capturing
images, in time sequence, obtained by irradiating a living body with the light emitted and by causing the light to be
transmitted through or reflected by the living body, the image-capturing means (130) being sensitive to at least red
and blue color components, the method characterized by the steps of:

generating a maximum value (S931, S933) and a minimum value (S932, S934), in time sequence, of each of
the color components for certain regions of the captured images; and

calculating (S941) oxygen saturation (S) by solving an equation of {(Rc - Bc) - (Re - Be)} / {Bc - Be} = [(Re -
Be) X {S X Eo(A1) + (1 -S) X Er(A1)}]/ [Be X {S X Eo(A2) + (1 - S) X Er(A2)}], where Rc represents the
maximum value of the red component, Bc represents the maximum value of the blue component, Re represents
the minimum value of the red component, Be represents the minimum value of the blue component, S represents
oxygen saturation, Eo(L) represents a known absorbance coefficient of oxyhemoglobin at a wavelength A, Er
(M) represents a known absorbance coefficient of deoxyhemoglobin at a wavelength A, and A1 and A2 represent
specific values of wavelength A.

Patentanspriiche

1.

Vorrichtung zur Gewinnung biologischer Information aufweisend eine lichtemittierende Einrichtung (122) zum Emit-
tieren von Licht;

eine Bildaufnahmeeinrichtung (130) zum Aufnehmen von Bildern in einer zeitlichen Abfolge, die durch Bestrahlen
eines lebenden Kérpers mitdem emittierten Licht und Veranlassen des Lichts durch den lebenden Korper Gbermittelt
zu werden oder davon reflektiert zu werden, gewonnen werden, wobei die Bildaufnahmeeinrichtung (130) sensitiv
fir wenigstens zwei Farbkomponenten ist; und

gekennzeichnet durch

eine Extremwert-Erzeugungseinrichtung (144, 145) zum Erzeugen eines Maximalwerts und eines Minimalwerts von
jeder der Farbkomponenten fiir bestimmte Bereiche des aufgenommenen Bildes in einer zeitlichen Abfolge; und
eine Sauerstoffsattigung-Berechnungseinrichtung (147) zum Berechnen einer Sauerstoffsattigung (S) basierend
auf dem Maximalwert und dem Minimalwert von jeder der Farbkomponenten.

Vorrichtung zur Gewinnung biologischer Information gemaR Anspruch 1, wobei die lichtemittierende Einrichtung
(122) dazu ausgelegt ist weildes Licht zu emittieren.

Vorrichtung zur Gewinnung biologischer Information gemafs Anspruch 1 oder 2, wobei die Farbkomponenten rot
und blau enthalten.

Vorrichtung zur Gewinnung biologischer Information gemaR Anspruch 1, 2 oder 3, wobei die Extremwert-Erzeu-
gungseinrichtung (144, 145) dazu ausgelegt ist, den Maximalwert und den Minimalwert fir die Gesamtheit der
aufgenommenen Bilder zu erzeugen.
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Vorrichtung zur Gewinnung biologischer Information gemaR Anspruch 1, 2 oder 3, wobei die Extremwert-Erzeu-
gungseinrichtung (144, 145) dazu ausgelegt ist, den Maximalwert und den Minimalwert fir zentrale Bereiche der
aufgenommenen Bilder zu erzeugen.

Vorrichtung zur Gewinnung biologischer Information gemaR Anspruch 1, wobei

die Sauerstoffsattigung-Berechnungseinrichtung (147) dazu ausgelegt ist, die Sauerstoffsattigung (S) durch Lésen
einer Gleichung von {(Rc - Bc) - (Re - Be)} / {Bc -Be}=[(Re-Be)x{SxEo(A1)+(1-S)xEr(A1)}/[Bex{SxEo(A2)+(1-S)x Er
(A2)}] zu berechnen, wobei Rc den Maximalwert der Rotkomponente darstellt, Bc den Maximalwert der Blaukom-
ponente darstellt, Re den Minimalwert der Rotkomponente darstellt, Be den Minimalwert der Blaukomponente dar-
stellt, S die Sauerstoffsattigung darstellt, Eo(A) einen bekannten Absorptionskoeffizienten von Oxyhamoglobin bei
einer Wellenlénge A darstellt, Er(A) einen bekannten Absorptionskoeffizienten von Deoxyh&amoglobin bei einer Wel-
lenlange A darstellt und A1 und A2 spezifische Werte fir die Wellenldnge A darstellen.

Verfahren zur Gewinnung biologischer Information, wobei das Verfahren von einer Vorrichtung zur Gewinnung
biologischer Information durchgefiihrt wird, die eine lichtemittierende Einrichtung (122) zum Emittieren von weillem
Licht und eine Bildaufnahmeeinrichtung (130) zum Aufnehmen von Bildern in einer zeitlichen Abfolge enthalt, die
durch Bestrahlen eines lebenden Kérpers mit dem emittierten Licht und Veranlassen des Lichts durch den lebenden
Kérper Ubermittelt zu werden oder davon reflektiert zu werden, gewonnen werden, wobei die Bildaufnahmeeinrich-
tung (130) sensitiv flr wenigstens zwei Farbkomponenten ist, wobei das Verfahren durch die Schritte gekennzeich-
net ist

Erzeugen eines Maximalwerts (S931, S933) und eines Minimalwerts (S932, S934) jeder der Farbkomponenten fiir
bestimmte Bereiche der aufgenommenen Bilder in einer zeitlichen Abfolge; und

Berechnen (S941) einer Sauerstoffsattigung (S) durch Lésen einer Gleichung von {(Rc - Bc) - (Re - Be)} / {Bc - Be}
=[(Re-Be) x{S xEo(A1) + (1-S) x Er(A1)}]/ [Be x {S x Eo(A2) + (1 - S) x Er(A2)}], wobei Rc den Maximalwert der
Rotkomponente darstellt, Bc den Maximalwert der Blaukomponente darstellt, Re den Minimalwert der Rotkompo-
nente darstellt, Be den Minimalwert der Blaukomponente darstellt, S die Sauerstoffsattigung darstellt, Eo(A) einen
bekannten Absorptionskoeffizienten von Oxyhdmoglobin bei einer Wellenlange A darstellt, Er(L) einen bekannten
Absorptionskoeffizienten von Deoxyhdmoglobin bei einer Wellenlange A darstellt und A1 und A2 spezifische Werte
fur die Wellenlédnge A darstellen.

Revendications

Appareil d’obtention d’information biologique comprenant :

un moyen (122) d’émission de lumiére destiné a émettre de la lumiére ; et

un moyen (130) d’acquisition d’images destiné a acquérir des images, en séquence temporelle, obtenues en
éclairant un corps vivant avec la lumiére émise et en faisant que la lumiére soit transmise a travers ou réfléchie
par le corps vivant, le moyen (130) d’acquisition d'images étant sensible a au moins deux composantes de
couleur ; et

caractérisé :

par un moyen (144, 145) générateur de valeurs extrémes destiné a engendrer une valeur maximale et une
valeur minimale, en séquence temporelle, de chacune des composantes de couleur pour certaines régions
des images acquises ; et

un moyen (147) de calcul de saturation en oxygéne destiné a calculer la saturation (S) en oxygéne sur la
base de la valeur maximale et de la valeur minimale de chacune des composantes de couleur.

Appareil d’obtention d’information biologique selon la revendication 1, dans lequel le moyen (122) d’émission de
lumiére est apte a émettre de la lumiére blanche.

Appareil d’obtention d’information biologique selon la revendication 1 ou 2, dans lequel les composantes de couleur
incluent le rouge et le bleu.

Appareil d'obtention d’'information biologique selon la revendication 1, 2 ou 3, dans lequel le moyen (144, 145)

générateur de valeurs extrémes est apte a engendrer la valeur maximale et la valeur minimale pour I'entiereté des
images acquises.

10
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Appareil d’'obtention d’'information biologique selon la revendication 1, 2 ou 3, dans lequel le moyen (144, 145)
générateur de valeurs extrémes est apte a engendrer la valeur maximale et la valeur minimale pour des régions
centrales des images acquises.

Appareil d’obtention d’information biologique selon la revendication 1, dans lequel le moyen (147) de calcul de
saturation en oxygene est apte a calculer la saturation (S) en oxygéne en résolvant I'équation : {(Rc - Bc) - (Re -
Be)}/{Bc-Be}=[(Re-Be) X {S X Eo(A1)+(1-S) X Er(A1)}]/[Be X {S X Eo(A2) + (1-S) X Er(A2)}], ou Rc représente
la valeur maximale de la composante rouge, Bc représente la valeur maximale de la composante bleue, Re repré-
sente la valeur minimale de la composante rouge, Be représente la valeur minimale de la composante bleue, S
représente la saturation en oxygéne, Eo(A) représente un coefficient connu d’absorption de I'oxyhémoglobine a une
longueur d’onde A, Er(A) représente un coefficient connu d’absorption de la désoxyhémoglobine a une longueur
d’onde A, et A1 et A2 représentent des valeurs spécifiques de la longueur d’'onde A.

Procédé d’obtention d’information biologique, le procédé étant mis en oeuvre par un appareil d’obtention d’infor-
mation biologique incluant un moyen (122) d’émission de lumiére destiné a émettre de la lumiére blanche ; et un
moyen (130) d’acquisition d’images destiné a acquérir des images, en séquence temporelle, obtenues en éclairant
un corps vivant avec la lumiére émise et en faisant que la lumiére soit transmise a travers ou réfléchie par le corps
vivant, le moyen (130) d’acquisition d’'images étant sensible a au moins des composantes de couleur rouge et
bleue ; le procédé étant caractérisé par les étapes consistant :

a engendrer une valeur maximale (S931, S933) et une valeur minimale (S932, S934), en séquence temporelle,
de chacune des composantes de couleur pour certaines régions des images acquises ; et

a calculer (S941) la saturation (S) en oxygéne en résolvant I'équation : {(Rc - Bc) - (Re - Be)} / {Bc - Be} = [(Re
-Be) X {S X Eo(AM) + (1 -8) X Er(A1)}]/ [Be X {S X Eo(A2) + (1 - S) X Er(A2)}], ou Rc représente la valeur
maximale de la composante rouge, Bc représente la valeur maximale de la composante bleue, Re représente
la valeur minimale de la composante rouge, Be représente la valeur minimale de la composante bleue, S
représente la saturation en oxygéne, Eo(A) représente un coefficient connu d’absorption de I'oxyhémoglobine
a une longueur d’onde A, Er(A) représente un coefficient connu d’absorption de la désoxyhémoglobine a une
longueur d’'onde A, et A1 et A2 représentent des valeurs spécifiques de la longueur d’'onde A.
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